STUDY ON PERFORMANCE AND EMISSION CHARACTERISTICS OF A COTTONSEED OIL BLENDED WITH METHANOL ON A DIESEL ENGINE WITH AND WITHOUT EGR by K P, Pradeep Kumar & Astagi, Harishchandra
      Pradeep Kumar K P * et al. 
(IJITR) INTERNATIONAL JOURNAL OF INNOVATIVE TECHNOLOGY AND RESEARCH 
Volume No.5, Issue No.4, June – July 2017, 7128-7141. 
2320 –5547 @ 2013-2017 http://www.ijitr.com All rights Reserved. Page | 7128 
Study On Performance and Emission Characteristics 
Of A Cottonseed Oil Blended With Methanol On A 
Diesel Engine With And Without EGR 
PRADEEP KUMAR K P 
M. Tech student in Dept. of Mechanical engineering 
(Thermal Power Engineering) PDA College of 
engineering Kalaburagi, Karnataka, India. 
HARISHCHANDRA ASTAGI 
Assistant Professor Dept. of Mechanical engineering 
PDA College of engineering Kalaburagi, Karnataka, 
India
Abstract: In the present work, bio-diesel is prepared from cotton seed oil and blended with diesel. The fuel 
properties of the synthesized bio-diesel were determined and their performance and emission with and 
without EGR characteristics were studied on a four-stroke, single cylinder, to ensure their suitability as 
CI engine fuel Two different EGR percent’s 5%, 10% are used. After conduction of experiment and 
obtained results I came to know that there is a steady increase in brake thermal efficiency as load 
increases, for standard diesel at 23º BTDC and cottonseed oil blend at different EGR percent. This is due 
to poor mixture formation as a result of lower volatility, higher viscosity and density of the cottonseed oil. 
Brake specific fuel consumption decreases from higher to lower as the Brake power increases. At the 
higher brake power level, the brake specific fuel consumption is lower for standard diesel as well as 
cottonseed oil.  
The NOx emissions will reduce by increase in the EGR percentage that tends to reduce the adiabatic 
flame temperature and there by the combustion temperature, therefore, NOx concentration decreases as 
CI engine inlet air flow is diluted with exhaust gas at a constant fuel rate. HC emissions are 
comparatively higher for cottonseed oil blend. As the EGR percentage increases CO emission increases 
and CO2 emission decreases this is because oxygen supply is good and it reduces carbon dioxide but due 
to insufficient combustion carbon monoxide increases. 
Key words: Biodiesel; Exhaust Gas Recirculation; Cotton Seed Oil; Nox; Performance; Emission; 
I. INTRODUCTION 
The energy consumption all over the world is 
substantially increasing every year as civilization 
growing rapidly. After the United States, China and 
Russia, India is the fourth largest energy consumer 
in the world. India's economy grew at an annual 
rate of around 7 percent and proved relatively 
resilient to the global financial crisis in the world. 
India's policy of energy above all focuses on 
securing energy sources to meet the needs of its 
growing economy. Primary energy consumption is 
more than doubled. India's per capita energy 
consumption remains lower than developed 
countries. The government may not be able to 
deliver secure supplies because of fuel subsidies, 
inconsistent energy sector reform and-increasing 
import dependency. Some parts of the energy 
sector, such as coal production, remain relatively 
closed to private and foreign investment. Despite 
having large coal reserves and a healthy growth in 
natural gas production over the past two decades, 
India remains very dependent on imported crude 
oil. India's largest energy source is coal, followed 
by petroleum and traditional biomass. The large 
increase in number of automobiles in recent years 
has resulted in great demand for petroleum 
products. With crude oil reserves estimated to last 
only for few decades, there has been an active 
search for alternate fuels. The depletion of crude oil 
would cause a major impact on the transportation 
sector. Of the various alternate fuels under 
consideration, biodiesel, derived from vegetable 
oils, is the most promising alternative fuel to 
conventional diesel fuel (derived from fossil fuels; 
hereafter just “diesel”) due to the following 
reasons. Biodiesel can be used in existing engines 
without any modifications. Biodiesel is made 
entirely from vegetable sources; it does not contain 
any sulfur, aromatic hydrocarbons, metals or crude 
oil residues. Biodiesel is an oxygenated fuel; 
emissions of carbon monoxide and soot tend to be 
reduced compared to conventional diesel fuel. 
Unlike fossil fuels, the use of biodiesel does not 
contribute to global warming as CO2 emitted is 
once again absorbed by the plants grown for 
vegetable oil/biodiesel production. Thus CO2 
balance is maintained. The Occupational Safety 
and Health Administration classify biodiesel as a 
non-flammable liquid [1]. 
 
Fig.1: Total energy consumption in India 
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Harmful gasses such as NOx and CO are emitted by 
the petroleum fuels which cause severe effects to 
the human health and environment. Interestingly, 
these substitute fuels are mainly produced from 
edible and non-edible oils, originated from living 
feed stocks. Therefore, numerous studies on 
biofuels including biodiesel have been conducted 
regarding performance and emission characteristics 
of diesel engines with partial or complete 
replacement with the petroleum fuels. Biodiesel or 
methyl ester is originated from monoalkyl esters of 
long chain fatty acids which mainly produced from 
edible and non-edible oils of plants and animal fats 
[2-5]. High viscosity can cause poor atomization 
and large droplets resulting in poor combustion. 
Several researchers have investigated using 
different methods to improve the performance of 
neat vegetable oil fueled diesel engine. Vegetable 
oil freely mixes with diesel or orange oil and these 
blends can be used in existing diesel engines 
without any modifications. Blending of vegetable 
oils with diesel or orange oil results in a reduction 
in viscosity and density. Volatility is also 
improved. Experimental results with these blends 
indicate improvement in brake thermal efficiency 
and reduction in exhaust smoke emissions 
compared to neat vegetable oils [6-8]. 
Biodiesel can be blended with diesel fuel in 
different ratios or directly used in existing diesel 
engines without any modifications. Also, most of 
the engine manufacturers and diesel fuel injection 
equipment manufacturers have been extended their 
warranty coverage for the usage of biodiesel fuel 
up to 20% (in vol.) blends. Regarding the exhaust 
emissions, biodiesel as a renewable fuel has a little 
impact on greenhouse effect due to recycling of 
CO2to photosynthesis. It has an improving potential 
with a minimal shooting tendency and burns more 
completely because of its oxygenated nature and 
absence or negligible aromatic and sulfur contents. 
Despite of these advantages, its proportionally 
lower volumetric energy capacity, higher kinematic 
viscosity, inferior cold-flow properties, lower 
oxidative stability and mostly higher NOx 
emissions are important drawbacks to be overcome 
for widespread use [9-10]. Some of researchers 
have worked on EGR and found that exhaust gas 
recirculation is one of the ways of reducing NOx 
emission which (EGR) reduces the combustion 
temperature. The content of unsaturated compound 
could effect on NOx formation. The optimized 
EGR rates which match the operating conditions of 
diesel may not fit well with the same conditions of 
biodiesel engines. The problems of substituting 
vegetable oil to diesel are its high viscosity and low 
volatility. The effect of exhaust gas recirculation 
shows reduction in NOx emission. This is due to 
lower oxygen content and reduction in the 
combustion temperature. With increased in % EGR 
NOx emission decreased from 11% to 85% at 
different compression ratio. It is found that with 
increase in compression ratio (CR) the brake 
thermal efficiency of the engine increases and 
specific fuel consumption decreases. Effect of % 
EGR shows increase in thermal efficiency but with 
increased in % EGR, it effect on thermal efficiency 
i.e. it decreases. The engine speed effect on 
combustion noise i.e. it reduces. With increased in 
% EGR, rate of pressure rise decreases per crank 
angle. It has observed that 5% EGR is favorable for 
reducing the combustion noise and NOx emission. 
Moreover, increased in pressure rise rate reduces 
chance of combustion noise [11-13]. 
II. LITERATURE REVIEW 
 B Kondaiah et.al, [1] 
In his research work, MOME (Mahua oil methyl 
ester) is prepared by transesterification process and 
tested in single cylinder 4-stroke C.I. engine to 
evaluate its performance and emission 
characteristics and compared with and without 
EGR at different loads. Characteristics like BTE, 
smoke density, and emissions of CO, HC, NOx, 
heat release rate and rate of pressure rise have been 
studied. The following observations can be drawn 
from his work: 
The B25blend can be utilized as a fuel in diesel 
engine without modification of the engine, since its 
performance is almost nearer to diesel. 
With the use of EGR, B.T.E for all blends slightly 
improved. 
With the use of EGR, emissions of engine for all 
blends slightly reduced. 
With the use of EGR, heat release rate for all 
blends slightly increased. 
With the use of EGR, rate of pressure rise is lightly 
lower for all blends. 
Finally, EGR can be suggested to implement due to 
its higher efficiency and lower emissions. 
 H.E. Saleh*et.al, [2] 
These studies showed that this fuel is good gas oil 
substitute but an increase in the nitrogenous oxides 
emissions was observed at all operating conditions. 
The aim of this study mainly was to quantify the 
efficiency of exhaust gas recirculation (EGR) when 
using JME fuel in a fully instrumented, two-
cylinder, naturally aspirated, four-stroke direct 
injection diesel engine. The tests were carried out 
in three sections. Firstly, the measured performance 
and exhaust emissions of the diesel engine 
operating with diesel fuel and JME at various 
speeds under full load are determined and 
compared. Secondly, tests were performed at 
constant speed with two loads to investigate the 
EGR effect on engine performance and exhaust 
      Pradeep Kumar K P * et al. 
(IJITR) INTERNATIONAL JOURNAL OF INNOVATIVE TECHNOLOGY AND RESEARCH 
Volume No.5, Issue No.4, June – July 2017, 7128-7141. 
2320 –5547 @ 2013-2017 http://www.ijitr.com All rights Reserved. Page | 7130 
emissions including nitrogenous oxides (NOx), 
carbon monoxide (CO), unburned 
hydrocarbons(HC) and exhaust gas temperatures. 
Thirdly, the effect of cooled EGR with high ratio at 
full load on engine performance and emissions was 
examined. The results showed that EGR is an 
effective technique for reducing NOx emissions 
with JME fuel especially in light-duty diesel 
engines. With the application of the EGR method, 
the CO and HC concentration in the engine-out 
emissions increased. For all operating conditions, a 
better trade-off between HC, CO and NOx 
emissions can be attained within a limited EGR 
rate of 5–15% with very little economy penalty. 
 Omprakash D hebbal et.al,[3]  
Carried out experimental work on performance, 
emission and combustion characteristics of a semi-
adiabatic diesel engine using cotton seed and neem 
kernel Oil methyl esters and found out Compared 
with cotton seed oil methyl ester 
(CSOME)operation, neem kernel oil methyl ester 
(NKOME) resulted in better performance 
characteristics in LHR engine. However, compared 
with diesel in normal engine, the performance of 
the LHR engine with methyl esters is observed to 
be lower. The brake thermal efficiency values of 
CSOME and NKOME in LHR engine are lower 
than that of diesel fuel in normal engine by 6.88% 
and 6.48%. 
 MohdHafizil Mat Yasin,[4] 
The increase in world population leads to the 
growth in energy demand. The primary sources of 
this energy come from the combustion of fossil fuel 
which producing oxides of nitrogen and other 
harmful greenhouse gas emission. However, 
biodiesel offers a solution as an alternative fuel for 
internal combustion engine but higher in NOx 
emission. Exhaust gas recirculation (EGR) system 
is used to lower the NOx emission. This paper 
focuses on determining the effect of EGR and palm 
biodiesel on fuel consumption (SFC), exhaust gas 
temperature (EGT) and exhaust emissions (NOx, 
CO, UHC, and CO2). Experimental works using a 
multi-cylinder diesel engine with EGR and 
simulated works using Diesel-RK were performed 
at a constant engine speed of 2500 rpm in full load 
condition. The results showed that, from the 
simulated and experimental works, palm biodiesel 
significantly increased fuel consumption, increased 
NOx and slightly decreases in other emissions 
including CO2, CO, and unburned hydrocarbon 
(UHC). However, the use of EGR shows a 
significant reduction in the NOx emission and 
exhaust temperature but increases in fuel economy, 
CO, CO2, and UHC emissions. The reported work 
had concluded some significant findings during the 
test fuels, mineral diesel and palm biodiesel 
operated with two different modes (EGR and 
normal) in a diesel engine at full load at 2500 rpm. 
The findings concluded as follows: 
i. Increases in fuel economy are obtained with the 
use of palm biodiesel and EGR employment 
at the specific engine speed. 
ii. The decreases in the exhaust gas temperature are 
obtained when the EGR employed for both 
test fuels. 
iii. NOx emission is reduced significantly when the 
EGR is applied with increases in CO and 
UHC emissions are obtained for both test 
fuels. 
 SubhashLahane et.al,[5]  
In the present research work cottonseed vegetable 
oil is used to produce biodiesel by 
transesterification process using methanol and 
KOH as catalyst. As diesel engine combustion is 
heterogeneous spray combustion, it is very 
complex phenomenon. The physio-chemical 
properties of biodiesel are slightly different from 
diesel fuel. It is very interesting to study the 
combustion characteristics of a cottonseed based 
biodiesel fueled diesel engine. This was the main 
motivation to take up this study to understand and 
analyze the combustion characteristics of a 
cottonseed biodiesel fueled diesel engine. The 
experiment was carried out on a single cylinder 
diesel engine for base diesel and cottonseed 
biodiesel blends (B5, B10, B15, and B20) as a fuel. 
The combustion characteristics such as ignition 
delay, start of combustion, premixed, diffusion and 
after burning combustion phases, end of 
combustion and combustion duration were 
analyzed and compared with base diesel. It was 
observed that ignition delay and maximum rate of 
pressure rise decreased with biodiesel as compared 
to base diesel due to higher cetane number of 
biodiesel blends which confirms the smooth 
running of the engine. Ignition delay decreased 
from 11ºCA with base diesel to 6.5 ºCA with B20 
biodiesel. The start of combustion was advanced 
with all biodiesel blends due to higher bulk 
modulus results in automatic advance in dynamic 
injection timing and lesser ignition delay. The 
combustion duration was longer with all biodiesel 
blends as compared to base diesel due to longer 
injection duration results in poor performance of 
the engine with biodiesel blends. 
 Duple Sinha  et.al,[6] 
Worked to produce biodiesel from waste cotton 
seed oil using low cost catalyst then CI engine 
characteristics found as, a low cost calcium oxide 
catalyst developed from waste eggshells was 
prepared by calcination-hydration-dehydration 
process. The optimum conditions were found to 
beoil/methanol molar ratio of 1:12, catalyst loading 
of 3 wt. %. Used cotton cooking oil yielded of 92% 
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of biodiesel. The Brake thermal efficiency of the 
diesel was 28% at full load (100%). The specific 
fuel consumption of biodiesel fuel blends (B10 and 
B20) was 0.340 kg/kWh and0.380kg/kWh, 
respectively. 
 V. Edwin Geo et.al,[7] 
Have done a comparative analysis of different 
methods to improve the performance of cotton seed 
oil fueled diesel engine. A single cylinder 
compression ignition engine was operated 
successfully using cotton seed oil with different 
methods. The following Conclusions are made 
based on the experimental results are Ethyl ester of 
cotton seed oil can lead to overall good 
performance with respect to fuel economy and 
emissions. However, preparation of the ethyl ester 
is a cumbersome process and also leads to certain 
byproducts that cannot be used in the engine. 
CSO60:Diesel40 at 90⁰C method needs electrical 
energy to heat the CSO and diesel blend. Of all the 
methods investigated, CSO85: Orange Oil 15 blend 
is the best method to use cotton seed oil in a diesel 
engine with respect to performance, fuel economy, 
emissions, combustion characteristics and 
simplicity in using the CSO 85: Orange Oil 15 
blend. 
 MeshackHawi,et.al, [8] 
The effect of exhaust gas recirculation (EGR) on 
engine performance and emission characteristics 
was studied. The EGR system was developed and 
tested with different EGR percentages, i.e. 0%, 
10%, 20% and 30%. The effect of EGR on exhaust 
gas temperature and performance parameters like 
brake specific fuel consumption, brake power and 
brake thermal efficiency was studied. The 
performance and emission characteristics of the 
modified engine were compared with those of the 
conventional diesel engine. The results showed that 
EGR led to a decrease in specific fuel consumption 
and an increase in brake thermal efficiency. With 
increase in percent (%) of EGR, the percentage 
increase in brake thermal efficiency was up to 
10.3% at quarter load and up to 14.5% at full load 
for single fuel operation while for dual-fuel 
operation an increase up to 9.5% at quarter load 
and up to 11.2% at full load was observed. The 
results also showed that EGR caused a decrease in 
exhaust gas temperature; hence it’s potential to 
reduce NOX emission. However, emissions of HC 
and CO increased slightly with EGR.  
 Md. Nurun Nabiet.al, [9] 
Biodiesel is known as the mono-alkyl-esters of 
long chain fatty acids derived from renewable feed 
stocks, such as, vegetable oils or animal fats, for 
use in compression ignition engines. Different 
parameters for the optimization of biodiesel 
production were investigated in the first phase of 
this study, while in the next phase of the study 
performance test of a diesel engine with neat diesel 
fuel and biodiesel mixtures were carried out. 
Biodiesel was made by the well-known 
transesterification process. Cottonseed oil (CSO) 
was selected for biodiesel production. Cottonseed 
is non-edible oil, thus food versus fuel conflict will 
not arise if this is used for biodiesel production. 
The transesterification results showed that with the 
variation of catalyst, methanol or ethanol, variation 
of biodiesel production was realized. However, the 
optimum conditions for biodiesel production are 
suggested in this paper. A maximum of 77% 
biodiesel was produced with 20% methanol in 
presence of 0.5% sodium hydroxide. The engine 
experimental results showed that exhaust emissions 
including carbon monoxide (CO) particulate matter 
(PM) and smoke emissions were reduced for all 
biodiesel mixtures. However, a slight increase in 
oxides of nitrogen (NOx) emission was 
experienced for biodiesel mixtures. 
 Lebnebiso J. S. et.al, [10] 
Has done transesterification work of cottonseed oil 
and pointed out Free fatty acid (FFA) in crude 
cottonseed oil can be effectively reduced by 
esterification with methanol using sulphuric acid as 
catalyst before actual transesterification, in a two-
step process. The FFA which was partly converted 
to methyl ester was reduced from 5.2-0.9%. The 
esterified product was found to contain 
approximately the same amount of triglyceride 
(94.6% and 94.5%, before and after the process 
respectively), which is an indication that there were 
no side reactions during the pretreatment stage. The 
optimum condition established for the second step 
was; Methanol to oil ratio of 1:6, catalyst 
concentration of 1wt. %, and a reaction temperature 
of 60oC, at an agitation speed of 464rpm. The total 
methyl ester formed after the process was 66.4%. 
The quality characteristics of the methyl ester 
obtained from the esterified crude cottonseed oil 
were in good agreement with ASTM D6751 
specification. 
 S. Murugavelh et.al, [11] 
Investigated the performance and emission 
characteristics using cottonseed oil and conclusions 
are, the Brake thermal efficiency of WCCO 
B10biodiesel was 26.04% for maximum load, 
specific fuel consumption for diesel was 0.32 
kg/kW hat maximum load. The use of biodiesel 
blends showed a reduction of carbon monoxide and 
hydrocarbon emissions and a marginal increase in 
nitrogen oxides (NOx) emissions improved 
emission characteristics. 
 Nitin M Sakhare et.al, [12] 
The experimental work on cotton seed biodiesel 
and obtained, the peak in-cylinder pressure 
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increased from 52.28 bar with base diesel to 55.61 
bar with B20 biodiesel blends. The rate of pressure 
rise is decreased with all biodiesel blends as 
compared to base diesel. It is mainly due to higher 
cetane number of biodiesel tends to lower ignition 
delay. The premixed combustion phase increases in 
case of biodiesel which is mainly responsible for 
higher NOx emission. Combustion duration 
increases as the percentages of biodiesel increases. 
 K. SenthilKumar,et.al, [13] 
Have investigated experimentally the ‘Effect of Di-
Tertiary Butyl Peroxide on the performance, 
combustion and emission characteristics of ethanol 
blended cotton seed methyl ester fueled automotive 
diesel engine’. Thus, Overall combustion 
characteristics for all tested fuels are found quite 
similar to base fuel at rated torque and rated power 
speed. Peak pressure decreases with increase in 
ethanol concentration in the ethanol blended 
biodiesel fuels. The ignition delay period gets 
shortened and favors better combustion leading to 
increase in peak pressure when DTBP is introduced 
to ethanol blended biodiesel fuels Have 
investigated experimentally the ‘Effect of Di-
Tertiary Butyl Peroxide on the performance, 
combustion and emission characteristics of ethanol 
blended cotton seed methyl ester fueled automotive 
diesel engine’. Thus, Overall combustion 
characteristics for all tested fuels are found quite 
similar to base fuel at rated torque and rated power 
speed. Peak pressure decreases with increase in 
ethanol concentration in the ethanol blended 
biodiesel fuels. The ignition delay period gets 
shortened and favors better combustion leading to 
increase in peak pressure when DTBP is introduced 
to ethanol blended biodiesel fuels. 
III. COTTONSEED OIL BIODIESEL 
A rich vegetable oil obtained from the seeds of the 
cotton plant (Gossypiumhirsutum and 
Gossypiumherbaceum) by pressing or extraction 
such produced oil is called as cottonseed oil. 
Unrefined cottonseed oil is reddish brown liquid 
sometimes almost black in color, with unique 
odour and bitter taste. Refined cottonseed oil has a 
straw yellow color. India is the second largest 
producer country of cottonseed in the world next to 
china with the potential of 4.6 million tons of oil 
seeds per annum [18]. Cottonseed oil itself could 
be cost-effective (economical) component in the 
formulation to achieve a significant improvement 
in combustion efficiency, in increasing cetane 
number and reduction in exhaust emission in terms 
of CO, HC, NOx. Since Properties of biodiesel are 
in large part correlated with the parent oil, biodiesel 
produced from cottonseed oil may exhibit 
appreciable oxidative stability and engine 
performance [5-8]. 
Cottonseed oil methyl ester (CSOME) was 
produced by means of transesterification process 
using cottonseed oil, which can be described as a 
biomass based and renewable energy source. The 
viscosity of CSOME is reduced by preheating it 
before supplied to the test engine [9-12]. 
The cottonseed oil is obtained from the cotton plant 
via the mechanical pressure of seeds after the 
cotton lint has been removed. Almost, the physio-
chemical properties of cotton seed oil to be similar 
to those of the main plant oils that as well have, 
heterogeneous constituents of the triacylglycerol’s 
(TAG) The transesterification process utilizing 
cotton seed oil as feedstock has been reported in 
the literature. Moreover, the transesterification 
reaction of cotton seed oil with potassium 
hydroxide as catalyst employed the microwave 
radiation for biodiesel synthesis has been also 
discussed. While, other researchers described the 
transesterification reaction of cotton seed oil using 
heterogeneous acids catalyst [2]. Cotton 
(Gossypiumhirsutum), belonging to the Malvaceae 
family is an important crop that yields the natural 
fiber used by the textile industry. It is one of the 
second best potential sources for plant proteins 
after soybean and the ninth best oil-producing crop. 
Cottonseed oil is extracted from the seeds of the 
cotton plant after the removal of cotton lint. 
Cottonseed oil contains significant amounts of 
saturated fatty acids, palmitic acid (22–26%) being 
the most common, stearic acid in smaller amounts 
(2–5%) as well as traces of meristic, arachidic and 
behenic acids, lesser amounts of monounsaturated 
fatty acids, oleic acid (15-20%) being the major 
species accompanied by traces of palmitoleic acid, 
diunsaturated linoleic acid (49–58%) being the 
most prominent fatty acid and only traces of 
linoleic acid. 
Most of the physical and chemical properties of 
cottonseed oil resemble those of the major 
vegetable oils that also contain heterogeneous 
triglycerides [18]. 
 
(A) 
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(B) 
 
(C) 
 
(D) 
Fig 2: A to D Cottonseeds and its oil and color 
Fig A: cotton and its seeds, Fig B: cottonseeds, 
Fig C: field of cottonseed plants, Fig D: Raw or 
crude cottonseed oil of reddish brown color 
 
(E) 
 
 
(F) 
Fig 3: E and F both are refined cottonseed oil of 
straw yellow color 
Fig 3 of E and F shown above both are refined 
cottonseed oil of straw yellow color. It is depicted 
in the Fig A to F that cotton, cottonseed, cottonseed 
oil both raw and refined cottonseed oil with their 
respective colors. Cotton seed has an oil bearing 
kernel surrounded by a hard outer hull; while 
processing, the oil is extracted from the kernel. 
Cotton seed oil is environmentally safe. It is a 
byproduct of cotton tree. At present, cotton seed oil 
has not found any major application and hence the 
natural production of seeds remains underutilized. 
As a compression ignition engine fuel, cotton seed 
oil has a high cetane number of 45, which is very 
close to diesel. Cottonseed biodiesel showed in the 
fig 3 E and F. The flash point of cotton seed oil is 
210°C as compared to 75 ºC for diesel. Due to its 
higher flash point, cotton seed oil has certain 
advantages over petroleum crude like greater safety 
during storage, handling and transport. The 
properties of cotton seed oil are very close to 
diesel. This makes it a suitable alternative fuel for 
diesel engines [3-4]. 
Table 1: fatty acid composition in cottonseed oil 
Composition of cottonseed 
oil 
        Fatty acid 
(%) 
Myristic(14:0)            0.8 
Palmitic(16:0)            24.4 
Palmitoleic(16:1)            0.4 
Stearic(18:0)            2.2  
Oleic(18:1)            17.2     
Linoleic(18:2)            55.0 
Linolenic(18:3)            0.3 
SUMMARY  
Saturates            27 
Mono unsaturates            18 
Poly unsaturates            55 
A. Methodology 
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This topic focuses on the experimentation of the 
study and is divided into sections. The first will 
followed by a description of the experimental 
methods applied in this study in order to achieve 
setup and test procedures. Lastly, the procedure 
followed for the data analysis will be outlined and 
discussed. Experiments were conducted in the 
internal combustion engine Laboratory, 
Department of Mechanical Engineering, PDA 
College of Engineering Kalaburagi. 
B. Biodiesel preparation from Cotton Seed oil 
The reduction of viscosity of triglycerides process 
is called as transesterification of vegetable oils, 
triglycerides react with alcohol in the presence of a 
strong acid or base producing a mixture of fatty 
acid esters and glycerol. One ester id converted into 
another. The reaction is analyzed by either acid or 
base involving reaction with an alcohol, typically 
methanol if a biodiesel is the desired product. This 
section deals with steps involved in the preparation 
of biodiesel from untreated vegetable oils. A 
stoichiometric material balance yields the 
following simplified equation. Fig 4 shows the 
transesterification reaction.  
 
Fig4: Transesterification reaction 
C. Transesterification Procedure 
To obtain biodiesel, the oil or animal fats is 
subjected to chemical reaction termed as 
Transesterification. In organic chemistry, 
transesterification is the process of exchanging the 
organic group R of an ester with the organic group 
R of an alcohol. In this reaction, the oil or animal 
fat is reacted in the presence of catalyst (usually is 
strong base acid) with an alcohol to give 
corresponding alkyl esters of fatty acid mixture that 
are found in the oil animal fat. 
Transesterification of oil was conducted as early as 
1853 by E. Duckky and J. Patrick many years 
before the first LHR diesel engine designed by 
Rudolf Diesel (1893) became functional. Fig.4 
shows the Experimental setup of 
Transesterification of Cotton Seed biodiesel and 
Fig.5: Separation process of Cotton Seed biodiesel 
 
Fig.5: Experimental setup of transesterification 
Process 
IV. EXPERIMENTALSETUP 
 
 
Fig. 6: Biodiesel extraction plant 
The Oil extraction plant consists of: 
 Reactor 
 Condenser 
 Temperature controller 
 Pressure gauge 
A. Reactor 
The reactor consists of electrical heating coil and 
bricks around the reactor where the combustion 
takes place. 
B. Condenser 
In condenser the change of phase takes place i.e., 
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vapor to liquid. 
C. Temperature Controller 
The temperature controller controls and sets the 
temperature which is required for reactor to 
carryout combustion. 
D. Pressure Gauge 
Pressure gauge indicates the pressure in the 
reactor. 
 
Fig 7: Photograph of experimental setup 
The experimental setup is done to conduct 
experiments on stationary single cylinder four 
strokes direct injection diesel engine to analyze and 
compare the performance, emission and 
combustion characteristics using Cotton Seed 
biodiesel and its Blends with diesel and Methanol 
and diesel fuel with and without EGR. The engine 
is coupled with an eddy currant dynamometer, 
exhaust gas analyzer, smoke meter and control 
panel. The fig 6 shows photograph of experimental 
setup and fig 7 shows the layout of experimental 
setup 
Table 2 shows the value of different properties 
such as density, kinematic viscosity, flash point, 
fire point, calorific value of neat diesel, neat Cotton 
Seed biodiesel and Methanol respectively. 
Table 2: Properties of Diesel, Cotton Seed Oil 
methyl ester and Methanol 
Sl. 
N
o 
Characteristic
s 
Diese
l 
 
Cotto
n Seed 
oil 
methy
l ester 
Methano
l 
01 Density 
(kg/m3)  
 
817 870 792.4 
02 Calorific 4518
4 
39605 23800 
value (kJ/kg) 
 
03 
 
Kinematic 
Viscosity at 
40ºC, 
3.5 4 
 
 
1.2 
 
04 Flash point, ºC 68 204 
 
 
12 
V. RESULTS AND DISCUSSION 
This topic consists two types of experimental 
analysis, first one is performance characteristics 
like brake thermal efficiency, specific fuel 
consumption, exhaust gas temperature, against 
brake power, second one is emission characteristics 
like carbon monoxide (CO), unburned hydrocarbon 
(HC), nitrogen (NOx) against brake power. Above 
performance and emission characteristics have 
done for with EGR and without EGR. 
Blends preparation: Blends are prepared on % 
volume basis. Here A as additive (Methanol), B as 
Cottonseed biodiesel and D as Diesel. Methanol is 
added 5% on volume basis commonly to all the 
four blends. Blend1as B50, Blend 2 as B65 and 
Blend3 as B80with Diesel 45, 30, 15 percentages 
and Methanol as additive by 5% constant volume 
respectively. So, the blends B50, B65, B80 and 
neat diesel D100 and neat biodiesel B100 are 
designated in the subsequent graphs and 
discussions. 
Performance characteristics of Cotton Seed 
biodiesel with methanol and its blends on diesel 
engine 
Variation of brake thermal efficiency with 
brake power 
 
Fig.8: Brake thermal efficiency v/s brake power 
Fig 8 shows the variation of brake thermal 
efficiency with brake power for neat diesel and 
Cotton Seed biodiesel and its blends with diesel 
and Methanol. From Fig 8 it is evident that the 
brake thermal efficiency is highest with the blend 
B50 at medium load which is nearer to diesel. The 
increase in brake thermal efficiency due to high 
percentage of oxygen presence in the biodiesel, the 
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extra oxygen leads to causes better combustion 
inside the combustion chamber. The brake thermal 
efficiency of the engine is improved by increasing 
the concentration of the biodiesel in the blends and 
also the additional lubricant provided by biodiesel.  
Blend B80 shows the minimum efficiency at 
medium load. The decrease in brake thermal 
efficiency for higher blends may be due to the 
lower heating value and higher viscosity of blends 
with a higher proportion of cottonseed biodiesel. 
Variation of brake specific fuel consumption 
with brake power. 
 
Fig 9: Brake specific fuel consumption v/s brake 
Power 
Fig 9 shows the variation of brake specific fuel 
consumption with brake power for neat diesel and 
Cotton Seed biodiesel and its blends with diesel 
and Methanol. From Fig 9 it is observed that 
Cotton seed biodiesel blend B50 have specific fuel 
consumption close to diesel. However, if the 
concentration of Cottonseed oil in the blend is 
more than 20%, the specific fuel consumption is 
found to be higher than diesel at all loads. 
Biodiesel blend B65 shows higher BSFC than other 
blends at all loads. As the load increases brake 
specific fuel consumption decreases for all fuel 
blends. A close perusal of the results shows that the 
BSFC for all the blends are more or less close to 
each other for all the loads. It is due to the fact that 
engine consumes more fuel with biodiesel blends 
than with the neat diesel fuel to develop same 
power output due to lower calorific value of 
biodiesel blends. 
Variation of exhaust gas temperature with 
brake power  
 
Fig 10: Exhaust gas temperature v/s brake power 
Fig 10 shows the variation of exhaust gas 
temperature with brake power for neat diesel and 
Cotton Seed biodiesel and its blends with diesel 
and Methanol. Figure 10 shows the variation of 
exhaust gas temperature (EGT) with brake power. 
A reduction in EGT is seen for diesel for all loads 
when compared cottonseed biodiesel blends with 
Methanol. This is because of the increase in 
ignition delay which is caused due to increase in 
the blend density. Hence for cottonseed oil EGT is 
high due to high density and lower CV. Further, it 
takes a longer duration to vaporize the fuel in the 
pre-mixed combustion phase which reduces the 
combustion temperature. Besides, the delayed heat 
release during the later stage of combustion is 
another reason for the reduction in EGT. Early start 
of the combustion due to shorter premixed 
combustion phase and lower calorific value can 
also lead to reduction in exhaust gas temperature as 
is seen for the diesel, cottonseed biodiesel and 
Methanol blend. The decrease in EGT is 
advantageous as it can increase the expansion work 
and life of the engine. 
Emission characteristics  
Variation of carbon monoxide emission with 
brake power  
 
Fig 11: Carbon monoxide emission v/s brake 
power 
Fig 11 shows the variation of carbon monoxide 
emission with brake power for neat diesel and 
Cotton Seed biodiesel and its blends with diesel 
and Methanol. It is observed that the CO emission 
for all the fuels and cotton seed biodiesel and its 
blends is very low. The CO emission value is little 
increased for high load and brake power for blends 
B80 and B50. CO is the product of incomplete 
combustion, which is formed due to shortage of air 
or due to low gas temperature. This is due to the 
fact that high latent heat of ethanol and low 
volatility of CSOME produces       low combustion 
temperature and thick quenching layer, which leads 
to a lower CO oxidation rate and higher CO 
emission. And at high loads, combustion of blends 
is almost complete due to the presence of oxygen, 
which reduces the fuel air rich region leading to 
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lower CO emissions by further oxidation of CO. It 
is also noticed that for blends B15 and B55 the CO 
emission is very much reduced and can be 
neglected as shown in the fig 11. 
Variation of hydrocarbons emission with brake 
power  
 
Fig 12: Hydrocarbon emission v/s brake power 
Fig 12 shows the variation of unburned 
hydrocarbons emission with brake power for neat 
diesel and Cotton Seed biodiesel and its blends 
with diesel and Methanol. The HC emission of 
D100 has lower emissions compared with all other 
blends. While, HC of B100 blend of biodiesel 
compared well with diesel and it is nearest to diesel 
among all biodiesel and its blends. This is due to 
the lower HC emissions in the exhaust gas of the 
engine may be due to the efficient combustion of 
biodiesel blend with diesel and due to the presence 
of fuel bound oxygen and warmed-up conditions at 
higher loads. This is due to the reason that at lower 
loads the lower cylinder pressure and temperatures 
were experienced that was caused by lower rate of 
burning. This feature results in higher HC 
emissions. Moreover, the reason for the increase in 
HC emissions can be attributed to the lower density 
and viscosity of Methanol–diesel, biodiesel fuel 
blends, which causes the formation of fuel droplets 
with a lower size. These droplets reach to the closer 
section of the cylinder walls and lead to quenching 
effect due to leaner mixture and also cause further 
unburned fuels. Therefore, he HC emission 
increased on increasing Methanol content in the 
blends, and reaches its maximum value with the 
use of B15 blend at higher loads as shown in the fig 
12. 
 
 
 
 
 
 
Variation of nitrogen oxide emission with brake 
power 
 
Fig 13: Nitrogen oxide emission v/s brake power. 
Fig 13 shows the variation of nitrogen oxide 
emission with brake power for neat diesel and 
Cotton Seed biodiesel and its blends with diesel 
and Methanol. The NOx of   blend B50 is slightly 
lower than that of diesel at medium loads. The 
B100 blend of cottonseed biodiesel and Methanol 
has higher NOx emissions compared with all other 
blends throughout low and medium loads as shown 
in the fig 13. The above curve shows characteristics 
of the typical NOX curve which is increasing with 
load and thus the temp in the cylinder increases, 
and this produces more NOX. NOx emissions from 
the diesel engine dependent on various reasons 
such as fuel properties and engine operating 
conditions. It is known that NOx emissions are 
caused by higher combustion temperature and 
higher oxygen concentration in the cylinder. 
Variation of smoke emission with brake power 
 
Fig 14: Smoke emission v/s brake power 
Fig 14 shows the variation of smoke emission with 
brake power for neat diesel and Cotton Seed 
biodiesel and its blends with diesel and Methanol. 
At very high loads the smoke level for all the 
blends are fairly lower than that of simple diesel 
fuel. But, at low and medium loads the smoke level 
seems to be almost the same for all the blends. 
Nevertheless, for blend B65 the smoke level is low 
for all the loads when compared to that of other 
blends and diesel as shown in the fig 4.7. Thus B50 
can be considered as better options as far as smoke 
concentration is concerned. The reason for this 
reduction in smoke concentration can be attributed 
to the reduction in density due to the addition of 
Methanol and the corresponding altered spray 
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pattern leading to better fuel-air mixing process. 
Another reason could be the absence of fuel rich 
zone in the cylinder that leads to reduced smoke. 
Soot in the particulate matter is considered the 
main substance for the formation of smoke, which 
is produced by oxygen deficient thermal cracking 
of long-chain molecules. 
Performance characteristics of Cotton Seed 
biodiesel with methanol and its blends on diesel 
engine with EGR 
Variation of brake thermal efficiency with 
brake power with EGR 
 
 
Fig.15: Brake thermal efficiency v/s brake power 
with EGR 
Fig 15 shows the variation of brake thermal 
efficiency with brake power for neat diesel and 
Cotton Seed biodiesel and its blends with diesel 
and Methanol.Fig15 shows the variation of brake 
specific fuel consumption with brake power for 
standard diesel and cottonseed oil blend at 
5%,10%, EGR. The brake specific fuel 
consumption is defined as the ratio rate of fuel 
consumption to the rate of power production. Brake 
specific fuel consumption decreases from higher to 
lower as the Brake power increases. At the higher 
brake power level, the brake specific fuel 
consumption is lower for standard diesel as well as 
cottonseed oil blend at different EGR percentages. 
Variation of brake specific fuel consumption 
with brake power with EGR 
 
Fig 16: Brake specific fuel consumption v/s brake 
power with EGR 
Fig16shows the variation of brake specific fuel 
consumption with brake power for neat diesel and 
Cotton Seed biodiesel and its blends with diesel 
and Methanol. Fig shows the variation of brake 
specific fuel consumption with brake power for 
standard diesel and cottonseed oil blend at 5%, 
10%, EGR. The brake specific fuel consumption is 
defined as the ratio rate of fuel consumption to the 
rate of power production. Brake specific fuel 
consumption decreases from higher to lower as the 
Brake power increases. At the higher brake power 
level, the brake specific fuel consumption is lower 
for standard diesel as well as cottonseed oil blend 
at different EGR percentages. 
Variation of exhaust gas temperature with 
brake power with EGR 
 
Fig 17: Exhaust gas temperature v/s brake power 
with EGR 
Fig 17 shows the variation of Exhaust gas 
temperature with brake power for neat diesel and 
Cotton Seed biodiesel and its blends with diesel 
and Methanol. The exhaust gas temperature 
increases with increase in power. EGT increased 
with an increase in brake power for all fuel and 
engine conditions. The lowest values of EGT were 
obtained with standard diesel only engine operation 
and the highest values were observed for 
cottonseed oil under low heat rejection engine 
operation. 
Emission characteristics with EGR 
Variation of carbon monoxide emission with 
brake power with EGR 
 
Fig 18: Carbon monoxide emission v/s brake 
power with EGR 
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Fig 18 shows the variation of carbon monoxide 
with brake power for neat diesel and Cotton Seed 
biodiesel and its blends with diesel and Methanol. 
Fig 18 above shows the effect of brake power on 
CO emissions. CO emissions for diesel oil are 
comparatively low for standard engine operation 
than cotton seed oil blend. For the low heat 
rejection operation with cottonseed oil, 10% EGR 
induction dilutes the combusting mixture. 
Therefore, insufficient oxygen is available for 
better combustion and the lower combustion 
temperature present in the engine cylinder leads to 
comparatively higher CO emissions. The CO at 
10% EGR percentage is higher as compared to pure 
diesel blends without EGR. 
Variation of hydrocarbons emission with brake 
power with EGR 
 
Fig 19: Hydrocarbon emission v/s brake power 
with EGR 
Fig 19 shows the variation of hydro carbon 
emission with brake power for neat diesel and 
Cotton Seed biodiesel and its blends with diesel 
and Methanol. Fig 19 shows the effect of brake 
power on HC emission and it can be observed that 
HC emissions are comparatively higher for 
cottonseed oil blend. With the 10% EGR induction, 
the combustion degradation lowers the 
temperature. The decreased air fuel ratio associated 
with EGR induction and reduced combustion 
temperature results in incomplete fuel combustion. 
These factors may lead to the higher HC emissions 
Variation of nitrogen oxide emission with brake 
power with EGR 
 
Fig 20: Nitrogen oxide emission v/s brake power 
with EGR 
Fig 20shows the variation of Nitrogen oxide 
emission with brake power for neat diesel and 
Cotton Seed biodiesel and its blends with diesel 
and Methanol. Fig 20 shows the variation of NOx 
v/s brake power; as brake power increases the NOx 
emissions gradually increases. The lowest 
emissions of NOx were obtained with cottonseed 
oil used in the EGR system engine with 5% EGR 
induction. The NOx emissions will reduce by 
increase in the EGR percentage that tends to reduce 
the adiabatic flame temperature and there by the 
combustion temperature and hence NOx emissions 
are reduced. Therefore, NOx concentration 
decreases as CI engine inlet air flow is diluted with 
exhaust gas at a constant fuel rate. 
Variation of smoke emission with brake power 
with EGR 
 
Fig 21: Smoke emission v/s brake power with 
EGR 
Fig 21 shows the variation of smoke emission with 
brake power for neat diesel and Cotton Seed 
biodiesel and its blends with diesel and Methanol. 
Fig 21 shows the effect of brake power on smoke 
capacity. It can be observed that smoke emission 
was higher for the cottonseed oil blend than for 
standard diesel operation. This may be due to the 
heavier molecular structure, higher viscosity of the 
cottonseed oil. The smoke capacity for cottonseed 
oil was even higher with 10% EGR induction. This 
negative effect of EGR on smoke capacity could be 
due to the reduction of the engine air-fuel ratio. 
VI. CONCLUSION 
 The CI engine characteristics like 
performance, emission of pure diesel 
cottonseed biodiesel and their respective 
blends with Methanol are studied and the 
following conclusions are found from the 
graphs.  
 Using the Methanol as a fuel additive 
improved engine performance significantly 
Engine thermal efficiency increased up 
to28.29% and engine fuel consumption 
decreased. 
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 The brake specific fuel consumption decreases 
with the use of these fuel blends with respect 
to those of the neat cottonseed bio-diesel, 
diesel and the corresponding brake thermal 
efficiencies increase. 
 The smoke, unburned HC, CO, andCO2 
emissions are very much reduced with the use 
of these fuel blends with respect to those of the 
neat cottonseed oil or its neat bio-diesel and 
diesel. 
 Biodiesel is an oxygenated fuel that undergoes 
improved combustion in the engine due to the 
presence of molecular oxygen but leads to 
higher NOx emissions  
 In the experiment higher NOx emissions is 
effectively controlled by 10% exhaust gas 
recirculation. Recycled exhaust gas lowers the 
oxygen concentration in the combustion 
chamber and increases the specific heat of 
intake charge which results in lower flame 
temperature and reduction in NOx formation  
 Brake thermal efficiency of biodiesel is found 
to be comparable with diesel at all loads. The 
present experimental analysis on a single 
cylinder diesel engine with diesel and biodiesel 
blend at5% EGR has proved minimized 
pollution and improved performance. There is 
an average reduction of 40% NOx emission is 
obtained by 5% EGR.  
 Brake specific fuel consumption decreases 
from higher to lower as the Brake power 
increases. At the higher brake power level, the 
brake specific fuel consumption is lower for 
standard diesel as well as cottonseed oil blend 
at different EGR percentages  
 The Methanol blends show a little better 
behavior against their corresponding neat 
Cottonseed biodiesel and diesel fuel. 
 NOx emissions will reduce by increase in the 
EGR percentage that tends to reduce the 
adiabatic flame temperature and there by the 
combustion temperature and hence NOx 
emissions are reduced. Therefore, NOx 
concentration decreases as CI engine1inlet air 
flow is diluted with exhaust gas at a constant 
fuel rate.  
 The smoke capacity for cottonseed oil was 
even higher with 10% EGR induction. This 
negative effect of EGR on smoke capacity 
could be due to the reduction of the engine air-
fuel ratio  
 The NOx and CO emission is very high than 
any blends. Among the different EGR, EGR 
with 5% has a moderate NOx and CO 
emission. Thus the overall comparison shows 
that EGR 5% Blend B50 yields the optimum 
value, with less fuel consumption and higher 
efficiencies than diesel and it is feasible us it in 
the diesel engine with no modification  
Hence, by observing from above conclusions the 
blend B50 is found optimal compared to other 
blends in all parameters and can be substituted as 
alternative fuel in direct injection CI engine. 
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